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INTRODUCTION
The sufficient consumption of cereals is central to the well-being of virtually all Ethiopian households. Almost two-thirds of all calories consumed come from cereal grains, while more than 40 percent of the value of the average household food basket in Ethiopia is made up of cereals (Table 1 .1). The diverse cropping systems of the country provide a range of cereals, with teff (Eragrostis tef), wheat, maize, barley, and sorghum each being locally important in specific areas for food security. Nationally, teff, wheat, and maize in particular are at the center of the increasingly vibrant agricultural output markets of Ethiopia (Minten, Stifel, and Tamru 2014) . The level of annual production of these cereals is central to Ethiopia's national food security. Given the centrality of teff, wheat, and maize to the food economy of Ethiopia, increased domestic production of the cereals can be expected to benefit both producers and consumers of the crop and lead to positive wider economic effects. Higher productivity potentially will provide higher incomes for farmers, improving the welfare of their households and enabling them to increase their assets. Increased supply of grain will lower prices for cereal consumers, increasing their overall consumption and allowing them to productively reallocate economic resources that they previously devoted to food. Increased supply of domestically produced wheat, in particular, should reduce the level of wheat imported into Ethiopia, freeing up foreign exchange for other developmental purposes. More generally, increased productivity should result in increased capital investment in agriculture or in other sectors of the Ethiopian economy, propelling broader economic growth.
This report presents an analysis of some of the wider economic effects that are anticipated to result from a significant increase in Ethiopia in the production of teff, wheat, and maize, both separately and jointly. This is done through the use of a computable general equilibrium (CGE) model of the Ethiopian economy. The modeled economic outcomes of significant crop production increases are compared against those that result from a baseline, business-as-usual scenario in which the dynamics in the production levels of these cereals during the past several years is maintained in the running of the model. After reporting on the economic impact of these cereal production increases, the economic effects of several crop-specific policies or programs are evaluated using the model-three for wheat and one for maize. The results from this modeling exercise can serve as one component of the evidence used to design economic and agricultural development strategies and programs in Ethiopia.
Cereal Productivity Interventions of the Ethiopian Agricultural Transformation Agency (ATA)
The government of Ethiopia, through its Agricultural Growth Program, the agricultural-sector program for the Growth and Transformation Plan (GTP) of the country, seeks to sustainably improve crop production and productivity through increased use by farmers of best agronomic practices and increasing the availability and adoption of improved inputs, particularly seed and fertilizer. Cereals are at the center of most of these efforts. The overall target of GTP is at least 8.1 percent annual agricultural growth during the period of GTP implementation from 2011 to 2015. Among the subsectoral targets is a more than doubling of the production of key crops during this five-year period.
In consequence, the Ethiopian ATA, the government agency established in 2010 to catalyze agricultural transformation in the country, instituted in 2012 and 2013 crop-specific initiatives for teff, wheat, and maize in a focused effort to advance toward the productivity targets of GTP. Under each initiative, ATA, working through the regional bureaus of agriculture, makes available to farmers in the woredas-the district-level administrative units-targeted by the initiatives improved access to inputs, agricultural advisory services, output markets, and in some cases, agricultural financing. These packages of improved access to agricultural inputs and services are expected to lead to significant sustained increases in the amount of each cereal produced in the target woredas. When program rollout is complete, the Teff Initiative, if implemented as designed, is to be operating in 209 woredas, the Wheat Initiative in 95 woredas, and the Maize Initiative in 132 woredas. These target woredas are located in high-potential areas in the Tigray, Amhara, Oromia, and Southern Nations, Nationalities, and Peoples regions.
ATA managers responsible for the three initiatives sought to gain additional insights into the likely effects that a sustained increase in productivity of the cereals would have on a range of economic and welfare outcomes. As the International Food Policy Research Institute (IFPRI) has a project under which it provides analytical support to ATA, the Research for Ethiopia's Agriculture Policy project, ATA staff asked IFPRI whether it could explore the broader impact that the initiatives would have. As IFPRI researchers, working with Ethiopian policy research institutions, have during the past decade developed a detailed CGE model of the Ethiopian economy, it was proposed that this model be used to obtain a clearer idea of the likely broader economic effects of the significant increases in the production of teff, wheat, and maize that ATA envisions. Thereafter, an iterative process was engaged in between IFPRI researchers and ATA staff to develop various scenarios related to the ATA Teff, Wheat, and Maize Initiatives or associated policies and programs that could be run in the CGE model.
The ATA cereal initiatives are not implemented solely for agricultural development but also have the objective of advancing Ethiopia further along the pathway of economic and broad social development laid out in GTP, the master development framework for the country. Consequently, the use of a CGE model to consider the likely economywide impacts of the initiatives is appropriate. Strong interlinkages occur across agricultural subsector and between agriculture and the rest of the Ethiopian economy, particularly between rural net producers and urban net consumers. The model is based on a detailed social accounting matrix (SAM) for the Ethiopian economy that has highly disaggregated information about subsector and agroecological regions within the agricultural sector. The CGE model of Ethiopia provides a tool to better understand these linkages and how agricultural growth can contribute to the broader development goals of the country. The model provides an integrated analytical framework by which we can examine how different growth projections among different agricultural commodities or subsector might reinforce or work at cross-purposes to each other and thereby evaluate their combined effects on economic growth and poverty reduction in Ethiopia.
THE ECONOMYWIDE MODEL FOR ETHIOPIA
To assess the economic growth, price, consumption, and distributional impacts of increased teff, wheat, and maize productivity and selected crop-specific policies and programs, we used a CGE model that differentiates agricultural production in different regions of Ethiopia and a microsimulation module that captures the heterogeneity of Ethiopian households' incomes and expenditures. The model was developed to capture tradeoffs and synergies from accelerating growth in various subsectors of agriculture, the economic interlinkages between agriculture and the rest of the economy, and the effects of different sources of growth on household incomes and poverty. The model is recursive dynamic and is run using annual time-steps during the 10-year period from 2006 to 2015. As such, the model is solved as a series of equilibriums with economic actors optimizing their behavior within each time-step period; that is, there is no intertemporal or long-run optimization.
The model identifies 69 subsectors, 24 of which are in agriculture (Table 2 .1). Agricultural crops fall into five broad groups, including cereals. The cereals group is further separated into teff, barley, wheat, maize, sorghum, and millet. Most of the agricultural commodities captured by the model not only are consumed by households or exported but also are used as inputs into various processing activities in the manufacturing sector. Similarly, the agricultural subsectors in the model also use inputs from nonagricultural sectors. The model is constructed to incorporate these linkages between agriculture and other segments of the wider economy. The model captures regional heterogeneity within the agricultural sector of Ethiopia's economy. Farm production is disaggregated across four rural zones, as shown in Figure 2 .1. These zones reflect different agroecological and climatic conditions across the country. The CGE model is calibrated to observed cropping patterns in each of the four zones. Representative farmers in each zone respond to changes in production technology, commodity demand, and prices by reallocating their land across different crops to maximize incomes. These farmers also reallocate their labor and capital between farm and nonfarm activities, including livestock and fishing, wage employment, and diversification into nonagricultural sectors, such as transport, trade, and construction. By capturing production information across subnational regions, the CGE model is useful for capturing the growth linkages and income and price effects resulting from changes in productivity for teff, wheat, and maize and changes in policies and programs related to those cereals. The model endogenously estimates the impact of changes in cereal productivity and changes in policies and programs on the value of household consumption, poverty, and per capita calorie consumption. There are 12 representative household groups in the model, disaggregated by the four rural zones and small or large urban centers and by their poor or nonpoor status. The poor are defined here as including all households falling into the bottom two consumption quintiles (that is, the poorest 40 percent of the population).
The Ethiopia CGE model has a microsimulation component whereby each sample household from the 2004/2005 Household Income, Consumption, and Expenditure Survey (HICES) is directly linked to a corresponding representative household in the model. Changes in representative households' consumption expenditure and prices in the CGE model component are passed down to their corresponding households in the survey, where the values of total expenditures as captured in the survey data for each sample household are recalculated. This new level of per capita expenditure for each survey household is compared to the separate poverty lines for rural and urban areas, and standard poverty measures are recalculated. Similarly, changes in food consumption patterns of sample households can be computed to determine changes in daily per capita calorie consumption associated with various scenarios run in the CGE model.
The model makes a number of assumptions about how the economy maintains macroeconomic balance. For the current account, a flexible exchange rate maintains a fixed level of foreign savings. This means that the government cannot increase foreign debt to pay for new investments and that export earnings are needed to pay for any additional imports. For the government account, tax rates are fixed, and recurrent expenditure grows at a fixed rate. The fiscal deficit therefore adjusts to ensure that public expenditures equal receipts-as such any new or expanded government program will require additional revenue to finance. Investment and private consumption are also fixed shares of absorption, with private savings adjusting to ensure that savings equals investment in equilibrium.
The core dataset used to create the CGE model is the 2005/2006 SAM, which captures the economic structure of the Ethiopian economy. The SAM provides a balanced accounting of all economic transactions that take place within the economy, drawing on data from household surveys, national accounts, and a broad range of other data on production and consumption in Ethiopia. This SAM was originally developed by the Ethiopian Development Research Institute (Tebekew et al. 2009 ) and was updated to use the most recent data available. This SAM disaggregates information on the agricultural sector by the four rural zones and includes a detailed disaggregation of household groups by those zones. Zonal-level agricultural production and area data taken from the 2005/2006 Agricultural Sample Survey were used to disaggregate production in the SAM to the subnational rural zones. The CGE model for Ethiopia therefore is consistent with recent agricultural production levels and yields at the level of these zones.
While most of the parameters in the CGE model are derived from the SAM, there are a number of behavioral elasticities that govern how changes in relative prices affect domestic production, foreign trade, and household consumption patterns. Household income elasticities determine how households choose to spend any additional income. Income elasticities in the model were based on econometric estimates from the 2004/2005 HICES (see Diao et al. 2012, 137) . Trade elasticities determine how readily producers respond to relative price changes in supplying domestic or export markets. Similarly, they determine the willingness and ease with which consumers switch between consuming domestically produced or imported commodities. In the absence of Ethiopia-specific estimates of trade elasticities, we use the global cross-country elasticities reported in Dimaranan (2006) .
BASELINE PERFORMANCE OF THE ECONOMYWIDE MODEL FOR ETHIOPIA
The cereal production and cereal-related policy and program scenarios that were run through the CGE model involve altering parameters of the model so that it no longer reflects the economic relationships observed in the 2005/2006 SAM but the changed relationships that are defined by the scenarios of interest. As will be discussed in more detail below, depending on the scenario modeled, the changes in the model parameters include changes in cereal productivity levels, wheat import levels and the price of wheat imported from international markets, subsidies on the price selected consumers face in purchasing wheat, and imposing a sharp shift in demand for maize to exports from household consumption.
As the model is run, changes in production result in changes in supply, leading to changes in prices and in demand, while changes in imports or prices lead to shifts in supply and demand. These initial effects then prompt a range of further changes in the economy, including reallocations of land and labor from less to more economically rewarding crops, changes in crop production levels, reallocation of labor across both farm and nonfarm activities as economic actors seek to maximize returns to their labor, changes in household expenditures and food consumption, changes in import levels, and changes in both agricultural-sector and economywide growth, among other changes. The complexity of the underlying SAM for the Ethiopia CGE model results in such a large array of modeled output that management of that output to draw insights is in itself a challenge in employing the model for policy analysis.
For the purposes of evaluating the economic impact of the ATA initiatives for teff, wheat, and maize and selected cereal policies and programs, a standard set of output indicators were extracted from the results of each model run. Relative to baseline, business-as-usual conditions without the modeled interventions, these consist of  changes in crop supply and demand, where relevant;  changes in real prices for all three cereals;  economic growth or changes in national gross domestic product (GDP) over time, where relevant-overall; for the agricultural sector, both nationally and for the four rural zones; and for the nonagriculture sectors in aggregate;  changes in household welfare for all households and disaggregated by poor/nonpoor and rural/urban;  changes in the poverty head count and in the depth of poverty for all households and for rural or urban households;  changes in cereal consumption, where relevant; and  changes in per capita daily calorie consumption.
However, in this report not all of the listed outputs are presented for each scenario modeled.
To ensure that the CGE model of the Ethiopian economy is suitable for examining the broader economic impacts of the cereal production increases and policy and program changes considered, the model is run during the 10-year period from 2006 until 2015 starting from the initial conditions established with the 2005/2006 SAM. Our interest in doing this is to assess whether the economic conditions that the model predicts for the most recent year for which we have observations are reasonably close to those observations-that is, the model is predicting relatively accurately how the economy of Ethiopia is evolving. To establish the business-as-usual conditions for the economy as modeled, the economic relationships observed in the 2005/2006 SAM are maintained, and no alterations are made to any elements of the model.
The supply of and demand for teff, wheat, and maize in Ethiopia, both modeled and observed, at the start of the model run at the base year of 2006 are presented in Figure 3 .1. What we see is that the model reflects quite closely the observed national supply and demand conditions for these three cereals for 2006 as reported in the annual Food Balance Sheets for Ethiopia as computed by the Food and Agriculture Organization of the United Nations (2014). The only significant difference between the modeled and observed conditions is for teff supply, where the model estimates supply that is about 15 percent higher than the observed. The model is first run without any modification to historical trends to generate a baseline or business-as-usual scenario for the period 2006 to 2015. The supply of teff, wheat, and maize in the baseline for the period 2012 to 2015 is as shown in Figure 3 .2. The modeled year-on-year increase in supply for teff is about 3.2 percent; for wheat, about 3.0 percent; and for maize, about 3.1 percent. The supply of teff is wholly from production, as there is virtually no international trade in the cereal. That of wheat is made up of both domestic production and imports, with imports making up about 18 percent of total wheat supply.
1 Maize is primarily made up of domestic production, but the model does impose some small quantities of maize imports and exports to allow us to consider model scenarios that would involve international trade in maize-the "supplied domestically" category is the net of domestic production minus the exports imposed in the model. The total domestic maize production in 2015 predicted by the model is 4,042,000 metric tons (mt), with 22,000 mt of maize imports and 18,000 mt of maize exports. 1 For the all-model scenarios discussed in this report that involve wheat, it is assumed that there is no difference in quality between domestic and imported wheat that would lead to differentiation between the two types of wheat in Ethiopian markets or among Ethiopian consumers. This likely is not the case, as imported wheat may well be better or less suited for commercial bakeries and other industrial processing than domestic wheat or may have taste and other consumption characteristics that may make it either less or more preferred for home processing and consumption. However, the computable general equilibrium model for Ethiopia does not take into account any such differences. Although not presented here, similar baseline conditions are estimated by the Ethiopia CGE model for the full range of output indicators listed earlier that we will use to assess the economic effects of the various scenarios modeled-economic growth, prices, consumption, poverty measures, and so on. The baseline conditions for 2015 for these variables as predicted by the model are the values against which the economic effects of the modeled scenarios will be assessed. 
DEFINING THE SCENARIOS AND EXPLORING THE RESULTS OF EACH
The CGE modeling exercise reported here was initiated to provide ATA with a clearer understanding of the likely impact of the envisioned cereal production increases of the ATA Teff, Wheat, and Maize Initiatives on the economy of Ethiopia and on Ethiopian households. Only after some basic understanding was achieved of those initiatives did attention turn to several wheat-related policy and program changes and a maize export scenario. In presenting the results of the modeling of these scenarios in this section of the report, we will first consider in detail the impact of the three ATA initiatives before later turning to the results from modeling the economic effects of the other commodity-specific policy and program changes.
Teff, Wheat, and Maize Production Increases
ATA established the initiatives for teff, wheat, and maize to bring about a sharp increase in the production of the three cereals. As was noted earlier, ATA, working through the regional bureaus of agriculture, makes available to farmers in the woredas targeted by the initiatives a package of improved access to inputs, agricultural advisory services, output markets, and in some cases, agricultural financing. Particularly for teff, the initiative also involved the introduction to farmers of promising new production techniques. These packages of inputs and services are expected to lead to significant sustained increases in the amount of each cereal produced in the target woredas and should also result in the diffusion of the new technologies to other areas of the country where the cereals are produced. Although the initiatives were initiated in a staggered fashion, in our analysis here we model the three initiatives as being rolled out at the same time in parallel starting in 2013 with full implementation completed for all three by 2015.
In the design of the three initiatives, ATA did not establish specific production increase targets in each of the target woredas. Consequently, in the initial set of scenarios for the cereal initiatives run with the Ethiopia CGE model, three separate targets were evaluated-10, 25, and 50 percent production increases for each target woreda. However, thereafter, the CGE analysis focused only on the 25 percent production increase, and that is what is done in the model analyses for which the results are reported here.
Production Increase Scenarios for the Model
To determine the economywide effects of the ATA Teff, Wheat, and Maize Initiatives using the CGE model, we had to determine what a 25 percent production increase for each of the three cereals in each of the target woredas would correspond to in terms of production increases for each cereal across each of the four rural zones of the CGE model. To do this, we used woreda-level teff, wheat, and maize production data from the last detailed, nationally representative, woreda-level agricultural production survey that was done for Ethiopia, the Ethiopian Agricultural Sample Enumeration, implemented by the Central Statistical Agency (CSA) between February 2001 and February 2002 (1994 Ethiopian Calendar) (CSA 2006). These data were used to determine what share of the production of each cereal in each of the administrative zones for the Ethiopian Agricultural Sample Enumeration survey year came from the target woredas for the ATA initiatives. These shares of administrative zone production were then applied to the most recent crop production information that had been estimated at administrative zone level, the Agricultural Sample Survey of 2010/11 (2003 Ethiopian Calendar), to determine the recent production of the cereals in those administrative zones that was accounted for by the target woredas of the three initiatives (CSA 2011). These results were then aggregated to determine changes in teff, wheat, and maize production of the four CGE rural zones (although the pastoralist zone has no target woredas for the ATA initiatives) and the country as a whole that would be attributable to 25 percent production increases for those crops in the target woredas of the three ATA initiatives.
As shown in Table 4 .1, we determined that the 25 percent increases in teff production in the Teff Initiative target woredas would correspond to a national increase in production of 18.1 percent after the initiative is fully implemented. For wheat, the corresponding figure is 11.7 percent, while for maize it is 13.5 percent. Given the dynamic nature of the Ethiopian CGE model, we used the year-on-year production increases for each cereal presented in Table 4 .1, disaggregated by rural zone, as the shock that we imposed on the model for two or three model years, starting with the 2013 model year. This was done by increasing the productivity levels of the three cereal sectors in each of the subnational regions. Note that the production increases are in addition to those that already occur in the baseline scenario, that is, a scenario that does not include the three cereal initiatives of ATA. Table 4 .1 Estimated national production increase for teff, wheat, and maize associated with a 25 percent production increase in the target woredas of the three ATA cereal initiatives, relative to 2011 production levels The scale of the Teff Initiative, with 209 target woredas, is considerably larger than that of the Wheat and Maize Initiatives, with 95 and 132 target woredas, respectively. However, given the lower yields of teff relative to wheat and maize, as will be seen, the impact in terms of the total increase in cereal produced under each initiative will not be so different-CSA (2011) reports that the national average on-farm yields of teff are 1,260 kilograms per hectare (kg/ha), 1,840 kg/ha for wheat, and 2,540 kg/ha for maize.
Results for the Production Increase Scenarios
The model was run for each of the three cereal production increases individually and for all jointly. While the initial production shocks were applied to the 2013 model year, the various economic effects of the three initiatives are considered three years later at the end of the 2015 model year after all of the initiatives as planned will have been fully implemented. Given this lag, the model results reflect some second-round reallocation of land, labor, and capital due to the first-round economic effects arising from the cereal production increases. As such, the results presented here reflect not only the immediate economic effects of increases in production of the three cereals but also how actors in the Ethiopian economy will seek to exploit new economic opportunities that arise in consequence of those production increases and the changes in supply, demand, and prices that the increases bring about.
The modeled changes in national production of the three cereals and in wheat imports due to the 25 percent increase in production in the target woredas of the three ATA initiatives are presented in Table  4 .2. With the second-round economic effects of the production increases, the increases for teff and maize when considered individually are somewhat lower after three years of the implementation of the programs than was envisioned-for example, teff production nationally is up by 14.0 percent, rather than the 18.1 percent that was estimated from a 25 percent increase in production in the target woredas (Table 4 .1). In other words, the increase in cereal productivity allows farmers to diversify into other higher-value crops-a transition that is also encouraged by declining real prices for cereals relative to other crops (Figure 4 .1). The case of wheat is more complicated because increased production displaces significant imports. Overall domestic wheat production increases by 14.0 percent, but the total wheat available increases by only 7.2 percent since imports drop by 22.8 percent in response to domestic wheat becoming relatively cheaper than imported wheat. When the joint implementation of the three initiatives is modeled, cereal production overall increases by 13.5 percent nationally. In the joint implementation scenario, wheat imports decline relative to baseline conditions by slightly more than they do in the individual Wheat Initiative scenario, reflecting additional displacement of those imports from the increased production of the other cereals, which are partial substitutes for wheat. Note that the absolute increases in grain production across the three cereals are quite similar-between 430,000 and 495,000 mt-even though the Teff Initiative is significantly larger in scale than the other two. The impacts of the cereal productivity increases on the size of the Ethiopian economy are shown in Table 4 .3. Several patterns are observed:
 Jointly the increase in cereal production leads to a 1.36 percent increase in GDP for Ethiopia and a 3.07 percent increase in the size of the agricultural sector of the economy. However, there is virtually no net growth realized in the nonagricultural sectors of the economy as a consequence of these increases in cereal productivity. This is partly a result of there being relatively little grain processing linked to domestic production that is classified as "manufacturing" in Ethiopia's national accounts. This implies that most of the milling that does take place-mainly by households themselves-is subsumed as a component of agricultural GDP. Moreover, increases in agricultural productivity encourage farmers to allocate more of their labor to farm rather than nonfarm activities, such that any increase in downstream processing associated with enhanced cereal production is offset by falling nonfarm labor supplies.
 Across the rural zones modeled, greatest growth is seen in the cereal-based highlands, as would be expected. However, increases in teff production also provide particular benefit to the drought-prone highlands. Maize production increases, while most important for economic growth in the cereal-based highlands, are the most significant of the three cereals in contributing to economic growth in the enset-based highlands, an area agroecologically better suited for maize production than for wheat and teff. The pastoralist zone-although no increase in cereal production was modeled in the zone-benefits from increased teff and maize production, likely through increased consumption made possible through reduction in the real prices of these cereals. However, production increases in wheat do not generate these positive economic effects in the pastoralist zone.
 Comparing the cereals, their individual impacts on economic growth primarily will be due to the production increases achieved for each and the value of that production. Although teff Real price changes when productivity increases for all cereals at same time Figure 5 .1). In consequence, the Teff Initiative has the largest impact on economic growth, even though the overall production increases due to each initiative are quite similar (Table 4 .2). The impact of the three cereal initiatives on household welfare and poverty are considered in Table 4.4 and Table 4 .5. Household welfare is measured using the per capita real value of consumption in the CGE model. Under the ATA initiatives, consumption increases for all households. The joint effect of the three initiatives shows that poor households in urban areas see the largest increase in their welfare, benefiting from lower cereal prices in the urban markets. Poor households in rural areas see the second highest welfare benefits, which flow both from higher incomes for cereal producers whose production levels increase and, for net rural cereal consumers, from lower prices for the cereals that they consume. The urban nonpoor see the lowest welfare benefits in relative terms. However, this pattern of the joint effect of the three initiatives on household welfare is not seen when the three cereal initiatives are considered separately. The increases in teff production provide greatest relative welfare benefits to urban households, maize production increases provide greatest benefits to rural households, and wheat production increases provide similar, but lower, levels of relative welfare benefits to households in both rural and urban areas. Table 4 .5 provides insights into what the cereal production increases will mean for the poverty status of households in Ethiopia. The poverty headcount measure-that is, the share of the population whose consumption is below the poverty line-drops in all cereal production increase scenarios. The cereal initiatives improve the consumption of some households sufficiently, such that their new level of consumption is above the poverty line. Across the three cereals, increased maize production has the greatest impact on the incidence of poverty in rural areas, while in urban areas, teff is the most important cereal in this regard.
Changes in the depth of poverty measure give insight into how the cereal initiatives affect the welfare of all of the poor, as the measure reflects the mean consumption shortfall relative to the poverty line across the whole population. Here too we see that the three initiatives reduce the depth of poverty in the country. However, when comparing the impact of the different cereals, we see that production increases of teff seem not to be as efficacious in reducing the depth of poverty in rural areas as they are for reducing the rural poverty headcount. This may reflect specific elements in the patterns of both teff production and teff consumption across the distribution of consumption in the rural population of Ethiopia-the poorest rural households may neither produce nor consume much teff. For maize, we see that production increases of the cereal do not reduce the depth of poverty in urban areas to the same degree as in rural areas. However, in contrast to the relatively high impact of increased teff production on the rural poverty headcount, maize production increases lead to only a limited change in the poverty headcount in urban areas. The relative impact of wheat production increases on poverty measures in rural and urban areas is consistent across the two areas but lower than for the other two cereals.
The impact of the three cereal initiatives on household cereal consumption is considered in Table  4 .6. The impact of the Wheat Initiative on consumption is significantly lower than the impacts of the Teff and Maize Initiatives. However, as the production increases achieved by the three initiatives are comparable (Table 4. 2), the reason for the lower impact of the Wheat Initiative on overall household consumption is that much of the increased production of wheat serves to displace wheat imports. Considering the impact of each initiative on cereal consumption, on a percentage basis we see that the Teff Initiative increases consumption in urban centers by considerably more than it does in rural areas. For maize, as we saw earlier, the opposite is the case with a greater impact on the consumption of rural households. For wheat, a more balanced impact on consumption is seen across the rural/urban and poor/nonpoor groups. The urban nonpoor see the greatest increase in consumption with higher production of teff, while it is the rural poor who see in relative terms their consumption increase the most with higher production of maize. However, when the initiatives are considered jointly, it is the urban poor who see the largest increase in cereal consumption in relative terms, followed by the urban nonpoor and rural poor. The rural nonpoor see the lowest relative increase in consumption in the joint initiatives scenario.
Using the microsimulation module of the Ethiopian CGE model, changes in per capita calorie consumption of Ethiopian households resulting from the ATA cereal initiatives can be estimated. These are presented in Table 4 .7. These changes do not simply reflect the impact of the increased calories made available through an increase in cereal production but also reflect changes in the composition of household food consumption baskets as a consequence of relative food price shifts that these production increases will bring about. Here we again see that the Teff Initiative is most important for the urban population, while the Maize Initiative is the most important for the rural population. When the initiatives are considered jointly, the relative impact on calorie consumption across the rural/urban and poor/nonpoor groups is similar to that seen in Table 4 .6 on changes in cereal consumption levels-the greatest increase in calorie consumption is found among the urban poor and the lowest increase among the rural nonpoor. 
Discussion of the Production Increase Scenarios
As estimated through the use of the CGE model of the Ethiopian economy, the impact of the cereal production increases envisioned by the Teff, Wheat, and Maize Initiatives of ATA on the size of the economy of Ethiopia are important, if not significantly transformative. If each initiative prompts a 25 percent increase in production of the cereals in question in the target woredas in which the initiatives are being implemented, this will result in a national expansion in the production of each cereal of between 430,000 and 495,000 mt. The increased production for each cereal alone will lead to somewhere between a 0.3 and 0.6 percent increase in the size of the country's economy relative to the baseline, while the increased joint production of the three cereals increases the size of total GDP by 1.4 percent (Table 4. 3).
While it is difficult to assign a monetary value to this expansion, it is possible to provide a broad estimate of the overall economic gain. For example, Ethiopia's economy was estimated to be $41.7 billion in size in 2012. As such, the 1.4 percent expansion in total GDP in the joint cereal production scenario adds about $580 million to the Ethiopian economy. However, note that we have not considered the costs of achieving these gains in productivity, which, if internalized, might offset some of the economywide gains; for example, raising taxes to pay for the cereal initiatives could reduce growth in other sectors. The cereal production increases do not bring about much change in the structure of the economy of Ethiopia. Almost all of the economic growth associated with the production increases comes from the agricultural sector of the economy. The increased joint production of the three cereals results in an agricultural sector that is 3.1 percent larger (measured in GDP). However, in the nonagricultural sectors of the economy, these sharp increases in cereal production will lead to virtually no net growth. The figures presented in Table 4 .3 show a slight contraction in the nonagricultural sectors as a consequence of the increased cereal production, likely resulting from a flow in factors of production out of manufacturing and services to agriculture as the economic returns in agriculture become more attractive for reasons related to the increased cereal production. The poor linkages between the agricultural and nonagricultural sectors observed here principally reflect the limited industrial processing and other industrial use of the cereals in Ethiopia. In and of itself the successful implementation of the ATA initiatives for teff, wheat, and maize will not bring about much change in the structure of the Ethiopian economy.
With regard to the initiatives' impact on consumption and welfare, the CGE analysis shows that the ATA initiatives for teff, wheat, and maize are expected to have quite different impacts across rural and urban households and poor and nonpoor households. The broad insights from the modeling exercise are that significant increases in teff production will provide greatest benefits for urban consumers, particularly poor urban households, while the economic benefits of increases in maize production will principally flow to rural households, both poor maize consumers and maize producers. The benefits of increases in wheat production are more evenly shared across all households. The reasons for this variation in impact of the production increases of the different cereals across household groups are found in differences in the food baskets of the various groups, in relative cereal prices, and in the price elasticities of supply and demand for the cereals. Cultural factors also explain some of these patterns-teff is viewed as a superior good, its consumption associated among many Ethiopians with a better quality of life. Table  1 .1 shows that while urban households proportionally consume very little maize, their teff consumption is much higher than is seen in rural households. Wheat, in contrast, is consumed in almost equal proportions by rural and urban households.
While all three cereals have their role in the economy of Ethiopia and in the food baskets of Ethiopian households, from which cereal does society derive the greatest return? Using the CGE model and the data at hand, we cannot confidently and completely answer this question. However, the analysis here provides some insights into the merits of public investments in the three cereals relative to each other. It was noted that the average ratio of the prices of the cereals in the Addis Ababa market between 2001 and 2011 was 2.47 for teff : maize and 1.47 for teff : wheat (Minten, Stifel, and Tamru 2012, Figure  5 .1). Similarly, the national average on-farm yields of teff are 1,260 kg/ha, 1,840 kg/ha for wheat and 2,540 kg/ha for maize (CSA 2011)-using the average maize yield as the denominator, these correspond to ratios of the yields of the cereals nationally as 0.497 for teff : maize and 0.724 for teff : wheat. The relative market value of production per hectare (ha)for teff and wheat relative to maize can be calculated as the product of these two ratios: for teff, this is 1.23, while for wheat, it is 1.06. These results indicate that farmers who can choose between maize and the other two cereals and achieve the national average yield levels would do better to produce teff or wheat, rather than maize, if the market value of that production is the principal criterion guiding their decision. Moreover, if recent increases in the average yields of teff and wheat can be sustained and exceed any increases in maize yields, these cereals will become even more financially attractive for farmers relative to maize.
However, the decision is more complicated than this analysis would suggest at both farm and national policy levels. The significantly higher land productivity of maize will make maize a more reasonable production choice than wheat or teff for smallholders on small plots, particularly if production for own consumption is important. At a policy level, that maize provides more production on less land means that investments in increasing maize productivity will be strategic in the sense that some of the economic objectives of Ethiopia, such as food security, can be achieved on a smaller land base with maize than would be the case with other crops, making available more land to other economic uses. Given the agroecological diversity of Ethiopia, a mix of cereals makes sense for agronomic reasons alone. However, there also are good economic reasons for maintaining a mix in cereals, both high value, like teff, and lower value, like maize.
Cereal-specific Scenarios
The economic impact on Ethiopia of the four cereal-specific scenarios that were run in the Ethiopian CGE model are presented in this subsection of the report:
1. Changes in the international price of the wheat that is imported into the country 2. Changes in the amount of wheat imported into Ethiopia 3. Changes in the design of an existing wheat price subsidy program for urban consumers 4. Permitting maize exports at two aggregate levels The impetus for the CGE analysis of cereal production and marketing in Ethiopia stemmed from the design and implementation of the Teff, Wheat, and Maize Initiatives of ATA. The agency initially sought to gain a better understanding of the broader economic impact of the initiatives and whether there would be any adverse first-or second-round effects arising from the investments in increased cereal production that they were coordinating. The results of the initial analyses, described in the previous subsection of this report, raised new issues. These led to a number of commodity-specific queries from ATA staff members to enable them to better understand how Ethiopian cereal markets and Ethiopian households might respond to or benefit from various policy initiatives. In particular, wheat, given the significant quantities that are imported into Ethiopia, was seen as requiring more investigation using the economywide model.
As with the examination of the economic impact of the ATA cereal initiatives, baseline conditions for 2015 as predicted by the model for the variables used to assess economic impact are compared with those that the model generates for the modeled scenarios. The impacts considered include changes in cereal supply and demand, prices, household welfare levels, poverty measures, and cereal and calorie consumption.
Changes in International Wheat Prices
As 18.3 percent of all wheat consumed in Ethiopia is imported, wheat prices on international markets are an important consideration for national food security planners and for agricultural policy analysts who seek a better understanding of how Ethiopia can become more self-sufficient in wheat through an increase in domestic production. The international wheat price changes we consider are drops of 30 and 10 percent and increases of 10, 30, and 70 percent. To run this set of analyses, for each price change we alter in the 2013 model year the real price for international wheat from its baseline level by the price change being investigated and then run the model for three model years at that price to allow the model of the Ethiopian economy to adjust to the change in the price of imported wheat, to adjustments in Ethiopia's foreign exchange position that the changes in the costs of wheat imports will bring about, and to changes in domestic wheat production and consumption levels. The impact of the price change is then assessed in the 2015 model year.
The broad pattern of the effect of changes in international wheat prices is that higher prices will reduce the amount of wheat available for Ethiopian consumers, while lower prices increase wheat supply. As expected, higher international prices will reduce wheat imports, but while Ethiopian wheat farmers will increase their production of wheat to cover part of the import supply deficit, they will not supply sufficient domestic wheat to make up the full reduction in wheat imports (Table 4 .8). Similarly, lower international wheat prices will result in Ethiopian farmers' reducing their production of wheat. For example, if international prices drop by 30 percent, the model estimates that more than 47 percent of the wheat supplied to Ethiopian consumers will come from imports. On the demand side, lower international prices will work through the model to increase consumption, while higher international prices will result in reduced wheat demand. The effect of imported wheat on domestic wheat prices is where we find much of the story about changes in wheat supply and demand. Shown in Table 4 .9 are the effects on domestic wheat prices, as well as on teff and maize prices, of the changes in international wheat prices. Cheaper international wheat results in lower consumer prices for wheat in Ethiopia, and vice versa. There also is some spillover in lower or higher domestic wheat prices to the prices of teff and wheat. Lower wheat prices can be expected to reduce demand for the other two cereals as consumers substitute wheat for teff and maize, leading to reductions in demand and, consequently, in their prices, if of a much smaller magnitude than for wheat. With higher international wheat prices, teff and maize prices will also rise as consumers increase their demand for those cereals to substitute for the now relatively expensive wheat. The urban poor is the group whose welfare is most affected by variability in international wheat prices. As shown in Table 4 .10, lower international prices lead to important gains in the consumption levels of the urban poor, while higher prices depress their consumption. Of the four rural/urban and poor/nonpoor groups, the model suggests that the welfare of the rural nonpoor is the least affected by changes in international wheat prices. The patterns seen in overall household welfare in Table 4 .10 are replicated in Table 4 .11 in which poverty changes are examined. Urban poverty levels generally are most affected by changes in the international prices for wheat. Moreover, with significant falls in international wheat prices, there does not seem to be an adverse income effect on rural households. In spite of the lower wheat prices rural producers will obtain under such conditions, the reduction in the poverty headcount is higher in rural areas than in urban areas with the larger drop in international wheat prices. However, this pattern is not seen in the depth of poverty measure, with the urban poor benefiting more. Table 4 .12 examines wheat consumption levels with changes in the international wheat price. The poor see the largest changes in their consumption with these price changes, with the consumption of the urban poor being somewhat more affected by the price changes than that of the rural poor. However, urban households, both poor and nonpoor, see larger shifts in their calorie consumption with changing international wheat prices than do rural households (Table 4 .13). The calorie consumption of urban households rises more with lower international wheat prices than does the calorie consumption of rural households, and it rises relatively higher with higher prices. A closer understanding of the makeup of the average food basket of households in each of the rural/urban and poor/nonpoor groups would be needed to understand what underlies these patterns. What we have seen in the international wheat price change scenarios is that the Ethiopian wheat market is quite closely linked to the international wheat market. Changes in international prices lead to changes in wheat supply and wheat and calorie consumption levels of both rural and urban households in Ethiopia. With higher international prices, households will pay more for any wheat that they purchase, regardless of whether it is imported or domestically produced. Rural wheat producers will benefit from the higher domestic wheat prices that result from the more restricted supply of wheat imports with higher international wheat prices. Overall, urban households are affected more than rural households by changes in international wheat prices, as they are entirely net consumers of the cereal and derive no benefits from higher wheat prices. Moreover, poorer households, as they generally spend a larger share of their income on food, are less able than nonpoor household to moderate the impact of the changes in international wheat prices on their consumption and well-being.
Changes in the Level of Wheat Imports
The second wheat-specific set of scenarios that we model are changes in the amount of wheat Ethiopia imports, assuming a fixed international wheat price. As wheat imports for the country are managed closely by a government parastatal institution, the Ethiopian Grain Trade Enterprise, the government can act to closely regulate what quantity of imports is used to help meet Ethiopia's wheat needs. In the scenarios modeled here, the import levels examined are not defined by market forces but are exogenously imposed on the model. The economic effects of those import levels are examined. To run this set of scenarios, the wheat import level in 2012 for the baseline run of the CGE model, 624,000 mt, is changed to reflect three wheat import scenarios:
1. A doubling of imports to 1.2 million mt 2. A halving of imports to 300,000 mt 3. An elimination of virtually all imports-the "zero" case (1,000 mt of wheat imports are left in the model to enable it to run properly) We then run the model for three model years from the 2013 model year at each wheat import level to allow the model of the Ethiopian economy to adjust to the change in the quantity of imported wheat, to adjustments in Ethiopia's foreign exchange position that the changes in wheat import costs will bring about, and to changes in domestic wheat production and consumption levels. The impact of the change in the amount of wheat imported is then assessed in the 2015 model year. As such, the impact of the change in wheat import levels described in the tables below likely is not as sharp as will be experienced in the initial year following a change in wheat import levels by, notably, urban poor households, the household group most susceptible to changes in consumption and welfare arising due to changes in wheat import levels. To examine the economic impact of changes in wheat imports, we examine the same impacts that were considered in the set of scenarios on changes in the international wheat price.
A significant increase in wheat imports from current levels does not lead to a significant change in the total supply of wheat available to Ethiopian consumers. The CGE model estimates that adding 503,000 mt of wheat imports will result in only an 86,000 metric ton increase in the total supply of wheat (Table 4 .14). Wheat producers will find that the significantly lower wheat prices resulting from the large amount of imported wheat provide a poor incentive to continue producing wheat. Domestic wheat production will drop by more than 13 percent. If wheat imports are reduced, here too we find a significant effect on wheat producers. A drop in wheat imports by 397,000 mt will result in a drop in total supply of only 67,000 mt, as 83 percent of the drop in imports will be made up in the medium term (three-year time horizon) through a more than 10 percent increase in domestic wheat production. Eliminating all wheat imports will result in a drop in total supply of 127,000 mt. On the demand side, as wheat supplies decline with reduced imports, there is increased demand for wheat grain as an input into domestic wheat farming (for example, for seed). This is reflected in the larger proportion and absolute quantity of wheat going to "other uses" as imports decline, as seen in Table 4 .14. Considering the price of cereals in the context of changes in the quantities of wheat imported into Ethiopia (Table 4 .15), doubling imports increases supply, leading to lower prices. The prices of maize and teff fall as well, as some of the existing demand for those cereals will be satisfied through consuming the now relatively cheaper wheat. Conversely, reducing wheat imports causes real wheat prices to rise significantly, while prices of maize and teff also rise, if much less so. With regard to the effect of changing levels of wheat imports on household welfare, it is the urban poor who are most affected, seeing both the greatest improvements in welfare with increased imports and the greatest loss in welfare with lower imports (Table 4 .16). The rural nonpoor, who are likely the most significant wheat producers, see the lowest declines in welfare with reductions in imports and the lowest increases in welfare with higher import levels. Examining the poverty effects of these changes in wheat import levels, the results in Table 4 .17 are consistent with those in Table 4 .16, showing that urban poverty levels are most affected by wheat import levels. A greater proportion of the urban population than the rural population falls into poverty with lower wheat import levels. Higher wheat imports see the consumption levels of more urban poor households rise above the poverty line. These patterns are apparent when considering both the poverty headcount and the depth of poverty measures. Focusing on wheat consumption (Table 4 .18), the urban poor see the greatest relative changes in consumption of the cereal with changes in wheat import levels, followed by the rural poor. Many rural poor households can be expected to be net wheat consumers, so they will benefit from the lower prices accompanying higher wheat import levels and scale back their wheat consumption when wheat prices rise due to reduced imports and more limited supplies of wheat overall. The urban nonpoor see the lowest changes in their wheat consumption with changes in wheat import levels. The relative pattern of wheat consumption across rural/urban and poor/nonpoor groups shown in Table 4 .18 is not fully replicated when calorie consumption is considered (Table 4 .19). While the urban poor still are most affected both positively and negatively by increases and decreases, respectively, in wheat import levels, thereafter it is the urban nonpoor whose calorie consumption levels are then most affected. Moreover, it is the rural poor who see their calorie consumption shift the least relative to the other groups with changes in wheat import levels. Why this should be the case will be linked to the composition of the typical food baskets of these household groups and the importance of wheat as a source of calories for members of poor households in rural areas. In summary, a doubling of the quantity of wheat imports reduces cereal prices and increases consumption of wheat. Rural households consume most of the increased imports, but we cannot track in the model whether households are consuming domestic or imported wheat-rural households either consume imports directly or, more likely, increase their consumption of domestic wheat once urban households switch to the now cheaper imported wheat. Reducing wheat imports has the opposite effect. The wheat consumption of rural households falls as urban consumers switch from imported to domestic wheat, paying a higher price for the increased quantities of domestic wheat that they consume. Wheat producers respond to these price signals with greater production of domestic wheat after some time.
Changes in Wheat Price Subsidy for Urban Consumers
During the past several years, a significant amount of the wheat that has been imported by the Ethiopian Grain Trade Enterprise, the parastatal institution responsible for organizing bulk wheat imports into the country, has been used for a wheat subsidy program to benefit poor urban consumers. The subsidy program operates by offering wheat at lower than cost to industrial millers and bakers at one subsidy level and directly to urban consumers through kebele shops at a slightly lower subsidized price (higher subsidy).
2 The aggregate value of the subsidy in 2013 was US$102 per mt of wheat on a cost of US$391 per mt, for a subsidy of 26.1 percent on the cost of the wheat. ATA wished to explore the likely economic effects of an expansion in the urban wheat consumer subsidy program so asked that the CGE model be employed for this purpose.
As the subsidy program was not explicitly captured in the 2005/2006 SAM for the CGE model when it was constructed, the initial scenario for this analysis of the subsidy program was to introduce the subsidy into the model. This involved providing all urban households in the model with a consumer price for wheat that that was 26.1 percent less than the price of wheat in consumer markets as established by the model baseline run.
Thereafter, the subsidy program scenario was changed to create two additional scenarios. 1. The size of the subsidy offered for urban wheat consumers was doubled-that is, the model was run with urban households receiving a 52.2 percent subsidy on the wheat that they obtained from local shops or the commercially processed flour or bread that they obtained from urban industrial millers or bakers-a subsidy of US$204 per mt. 2. The current urban subsidy program was expanded to offer the 26.1 percent subsidy on wheat to all households in the country, both to the existing urban beneficiaries and to new rural beneficiaries. The subsidy was applied to the CGE model run in model year 2013. We then run the model under each subsidy design scenario for three model years to allow the model of the Ethiopian economy to adjust to the change in the consumer price wheat for beneficiary households and to consequent changes in domestic wheat production and wheat consumption levels. The impact of the wheat subsidy is then assessed in the 2015 model year. The economic impacts of the three designs for the wheat subsidy program that we examine are changes in levels of domestic wheat supply and demand, cereal prices, household welfare and poverty, wheat consumption, and calorie consumption.
When examined in the context of national wheat demand, the current design of the subsidy program is relatively small, raising demand by about 2.4 percent (Table 4 .20). This additional wheat is supplied from increased domestic production and imports, with somewhat more coming from imports than the share of wheat supplied by imports in the baseline model run. About 21 percent of the increased demand due to the subsidy program will come from imports, in contrast to the 18.3 percent of wheat coming from imports in the baseline, and this pattern holds across all three subsidy program designs considered. When the subsidy targeted only for urban households is doubled to 52.2 percent of the cost of the wheat, the model estimates that the increase in national wheat consumption will triple, as the lower price for wheat for urban consumers increases demand significantly. When the subsidy is made universal by extending it to rural households, the scale of the program and its economic effects expand substantially. Supplies of wheat will need to increase from baseline conditions by more than 25 percent to meet the additional demand for wheat under this broadest design for the subsidy program. It is unclear, however, whether Ethiopian wheat producers would be quite as responsive as the model would indicate, as there may be some production constraints that would limit such a large response in wheat production to meet the demand of the universal consumer subsidy on wheat. A consumer subsidy is designed to reduce the price that consumers will pay for the commodity being subsidized. The price information presented in Table 4 .21 shows that average real wheat prices decline with the subsidy program, with greater reductions in price being seen as the program expands. Real maize and teff prices rise slightly, reflecting changes in relative producer prices across the three cereals. The increased demand for wheat emanating from the subsidy program raises the price producers receive for their wheat relative to maize and teff, leading to increased wheat and lower maize and teff production. With lower supplies of teff and maize, their prices rise slightly. The different levels of impact of the wheat consumer subsidy on the welfare of Ethiopian households is shown in Table 4 .22. As one would expect, the urban poor see the greatest welfare benefits from the urban-targeted subsidy designs, although the urban nonpoor also benefit. Doubling the size of the subsidy received results in more than a doubling of the welfare benefits these urban households receive from the wheat subsidy program. Rural households see declines in welfare when the subsidy is not extended to rural households. Under the urban subsidy program designs, the rural poor see a somewhat greater decline in welfare than do the rural nonpoor, possibly reflecting some income benefits associated with the subsidy program for nonpoor wheat-producing households in rural areas, as the subsidy program can be expected to increase demand for domestic wheat and, hence, raise the prices producers receive. However, when the wheat subsidy is extended to rural consumers, the flow of welfare benefits between rural and urban reverses. Rural households see an improvement in per capita real consumption, with both poor and nonpoor households seeing quite similar relative gains. However, urban households see a decline in their welfare under the universal, extended subsidy program, with the urban nonpoor seeing the greatest drop in this welfare measure on average. This results from the increased tax burden that urban nonpoor households primarily will bear to fund the large extended subsidy program. As was noted in the description of the CGE model earlier in this report, the sum of all public expenditures in the model must equal the sum of all public revenues. As such, any new or expanded government program, such as a universal consumer subsidy on wheat, will require additional revenue to finance, and this must be reflected in the model. In part, this additional revenue will come from higher taxes that erode some of the benefits of the wheat subsidy for urban households, particularly nonpoor households.
The reversal in benefits from urban to rural households with the expansion of the wheat subsidy program to rural households is also seen in the poverty measures (Table 4 .23). The urban-focused designs result in drops in the poverty headcount and depth of poverty in the urban population, while increasing both among rural households. However, when the program is extended universally, poverty measures for the rural population drop, although the depth of poverty measure for the rural population does not budge by much. Note that for the country as a whole, a decline in the numbers of poor, even if modest, is seen only under the most expansive subsidy program. The urban-focused subsidy designs both result in a small increase in the number of poor nationally. The consumer subsidy on wheat leads to notable changes in wheat consumption among beneficiary households (Table 4 .24). With the current subsidy, wheat consumption among urban households is estimated to increase by about 30 percent. A doubling in the value of the urban subsidy will lead to about a 90 percent increase in wheat consumption for urban households over baseline conditions. Rural households see very little change in their wheat consumption under the urban subsidy designs. However, when the subsidy program is extended to rural households, increases in wheat consumption of about 30 percent are seen among rural beneficiaries, in line with the consumption increases urban households realize under the current design of the program. In absolute terms, the current urban program will raise national wheat consumption by under 3 percent. Extending the same level of subsidy to rural consumers, given their large numbers, will raise national wheat consumption by more than 29 percent. Examining the estimated changes in calorie consumption associated with the three wheat subsidy designs (Table 4 .25), subsidy beneficiaries see increases in calorie consumption, whereas nonbeneficiaries see slight declines. This pattern is seen in the extended, universal subsidy design wherein even though urban households see some loss in welfare, they nonetheless see a net increase in calorie consumption. To summarize the findings from running the three wheat subsidy scenarios with the Ethiopia CGE model, we find that when subsidies benefit only urban households, the reduction in urban consumer prices for wheat will lead to an increase in total demand for wheat. This drives up wheat prices for unsubsidized rural consumers, so rural consumption of wheat will fall while urban consumption rises. As their total consumption rises, urban households benefit overall from an urban-targeted consumer subsidy on wheat, even though they also are the households that primarily must pay higher income taxes to pay for the wheat subsidy. In contrast, when subsidies are extended to all households, both urban and rural, the consumption of rural households will now rise due to the lower wheat prices that they face as consumers. However, urban households will be worse off with the extended subsidy program because they have to pay higher taxes to cover the costs to government of the expanded subsidy program that more than offset the benefits that they derive from lower wheat prices. Through their increase in tax payments, the net result is that the urban households will be subsidizing increased rural wheat consumption when the wheat subsidy program is extended to rural households.
Maize Exports
The last cereal-specific scenario that we investigated using the Ethiopia CGE model was the export of 300,000 and 600,000 mt of maize, about 7.4 and 14.8 percent of total maize production in Ethiopia, respectively. The government of Ethiopia does not now allow exports of substantial amounts of cereal. However, with recent concerted efforts to increase the production of cereals-notably the Teff, Wheat, and Maize Initiatives of ATA-it is foreseen that Ethiopia should soon be in a position where it will be able to reliably satisfy its domestic grain requirements for several cereals and produce a surplus that can be exported for some. Of the cereals whose production is soon likely to exceed domestic demand requirements, maize is the commodity that will most easily find an export market to supply. In view of this prospect, ATA asked that the CGE model be used to examine the likely economic effects of withdrawing significant amounts of maize from the domestic market for export.
To run this scenario in the CGE model for Ethiopia first required inserting a maize export component into the model. The 2006 SAM that was used to develop the model reported no maize exports or imports for the country in 2006. Consequently, for this analysis, a small maize export and import component of 18,000 mt each was added to SAM so that a baseline scenario could be run that would include maize exports. Since these fictitious maize trade components balanced each other, the net impact on maize demand and supply in the baseline run of the model effectively was zero. However, their addition to the model allowed the imposition on the model of 282,000 and 582,000 mt of additional maize exports in the 2013, 2014, and 2015 model years to examine the economic effects of 300,000 and 600,000 mt of maize exports in total. These exports are imposed arbitrarily on the model-that is, they do not arise from a change in the comparative advantage of Ethiopia with regard to international maize markets. Simply, those quantities of maize were removed from the local supply of maize for the country and instead directed toward export markets. The economic effects of this sharp drop in domestic maize supply (and increase in exports) were examined in model year 2015, three years after the exports began.
As shown in Table 4 .26, these exports of maize will results in some increase in the total amount of maize supplied by domestic producers-by 1.6 percent for the lower export amount and 3.3 percent for the higher level of exports. However, most of the maize exported will be sourced out of sharp drops in the amount of maize that households consume. Demand for maize for use as food will drop by 5.8 and 11.6 percent under the two export levels. The withdrawal from the domestic market of these quantities of maize will restrict domestic supply and lead to large increases in maize prices. In nominal terms, the price of wheat and teff may rise, with the maize exports expanding demand for those cereals. However, Table 4 .27 shows that in real terms, the prices of these cereals fall relative to the overall consumer price index, which faces strong upward pressure resulting from the sharp increase in maize prices. In other words, nominal wheat and teff prices do not rise by as much as the overall consumer price index, and therefore, the prices for these cereals fall in real terms. Considering the effect of these maize exports on the welfare of Ethiopian households, although the impact is relatively small for all groups, the rural nonpoor benefit the most (Table 4 .28). This is likely due to a large proportion of the maize-producing households in this group being net producers and able to derive some income benefits from the higher prices that result from the export of maize. In contrast, it is the rural poor who see the largest drop in welfare. The urban poor see a small decline in welfare under both export scenarios, while the urban nonpoor experience practically no change in their welfare levels with maize exports. The changes in poverty measures resulting from the maize exports are small (Table 4 .29). All poverty measures go up with maize exports, except for the poverty headcount for the rural population under the higher level of exports, possibly reflecting the movement of poor net maize producers out of poverty as they increase production of now higher-value maize. However, the depth of poverty measure increases for rural households slightly more than it does for those in urban centers, reflecting the adverse impact of higher maize prices on the overall consumption of poorer rural households. The drop in household maize consumption was noted in Table 4 .26. Exports totaling 300,000 mt will result in a drop in food consumption of 223,000 mt or almost 75 percent of the amount exported. Exports of 600,000 mt result in a similar proportional drop in household consumption relative to the quantity of maize exported. More detail about the relative drop in consumption across household groups is shown in Table 4 .30. Poor households see slightly larger reductions in maize consumption than do nonpoor households, with rural poor households seeing the largest drop in maize consumption. The urban nonpoor see their maize consumption drop the least. To summarize the economic effects of maize exports, overall maize production increases with maize exports as farmers respond to higher maize prices. However, the amount of maize consumed by Ethiopian households falls quite sharply-in total, by about three-quarters of the amount of maize exported. Consuming households will face higher maize prices. This has adverse effects on the welfare of poorer households that are net purchasers of maize, while net producers of maize may realize improved incomes and higher consumption levels. When considered at the national scale, the net effect of maize exports on poverty is small. However, more significant changes in various economic parameters might be seen more locally in areas of Ethiopia where maize is the dominant cereal produced.
It should be noted that the approach to modeling the maize exports here is somewhat simplistic in that we constrained any subsequent increase in maize production to cover the shortfall in domestic supplies. In reality, withdrawing large amounts of maize from domestic markets is expected to result in higher maize prices, as we saw, and thereafter subsequent reallocations of land and agricultural labor from other crops to maize as farmers seek to maximize returns to their land and labor. One would expect significant reorganization of production patterns under such export levels in those agroecologies of Ethiopia where maize is well-suited. However, in the CGE scenarios considered here, the analysis is not extended to consider these broader second-round resource reallocation effects that may lead to quite different patterns of economic growth and poverty reduction than what our modeled scenarios suggest.
BROADER IMPLICATIONS FOR CEREAL POLICY IN ETHIOPIA
We have seen through the use of the CGE model of the Ethiopian economy that the impact on the economy of Ethiopia of increasing the national production of teff, wheat, and maize as envisioned by the Teff, Wheat, and Maize Initiatives of ATA is important. Increases in the national production of each cereal of between 12 and 14 percent, corresponding to increases of between 430,000 and 495,000 mt, jointly will result in economic growth estimated at about 1.4 percent, adding more than $580 million to the size of the Ethiopian economy. However, the scenarios run in the model also demonstrate that these increases in cereal production will not lead to much change in the structure of the Ethiopian economy. Almost all of the economic growth that will result from this increase in cereal production will be within the agricultural sector. As there are only weak linkages between agriculture and other sectors of the Ethiopian economy, these cereal production increases do not propel increased growth elsewhere in the economy.
The CGE analysis also showed that production increases for teff, wheat, and maize can be expected to have quite different impacts across rural and urban households and poor and nonpoor households. Significant increases in teff production will provide the greatest benefits for urban consumers, particularly poor urban households, while the economic benefits of increases in maize production will principally flow to rural households, both poor maize consumers and maize producers. The benefits of increases in wheat production are more evenly shared across all households. Overall, the impact of these cereal production increases on household welfare, household cereal consumption, calorie consumption, and national poverty levels are uniformly positive.
The CGE analyses of the economic impact of varying international wheat prices and quantities of wheat imported annually demonstrate that Ethiopia's reliance on international sources for about one-fifth of the wheat that it consumes leaves its economy and its wheat consumers, in particular, exposed to volatility in international wheat markets. However, these analyses demonstrate that Ethiopian wheat producers should be expected to be quite responsive to changing market conditions for wheat. With a drop in wheat imports, while domestic producers will not replace all of the drop in wheat imports, several scenarios run for these analyses show that they should be expected to produce about 80 percent of the reduction in imports. As such, public investments in increasing domestic wheat production do make sense. With the inducement of higher prices for their wheat, Ethiopian farmers will supply the market with most of the wheat Ethiopian consumers demand, resulting in reduced exposure for Ethiopian wheat consumers and the government of Ethiopia, as the importer of wheat into the country, to adverse volatility in international wheat markets.
Urban households are the principal beneficiaries of wheat imported into Ethiopia. A consumer subsidy program based on imported wheat is in place in Addis Ababa. The CGE model was used to assess the economic effects of changes in its design. The results obtained are not unexpected-subsidizing the consumer price of wheat leads to increased demand. The model showed again that Ethiopian farmers will supply much but not all of the increased demand. However, the urban subsidy program does result in lower welfare for rural households, as the increased income for wheat producers is smaller than the aggregate cost of the higher wheat prices that result for rural wheat consumers. When the subsidy program is made universal, demand for wheat soars, and a very sharp increase is seen in both domestic supply and imports in the model. It is unclear whether Ethiopian wheat producers would be quite as responsive as the model would indicate, however, as there may be some production constraints that would limit such a large response in wheat production. Nonetheless, the question of whether it is a good idea for the wheat consumer subsidy program to be maintained or expanded likely cannot be answered solely based on the insights gained from the CGE analysis. It is clear that domestic producers of wheat can provide most of current demand for wheat without recourse to imports, but that is a separate issue from whether the subsidy program should be maintained. A wider set of political considerations than the agricultural production and trade issues we consider here will be called on to determine whether the subsidy will be eliminated, remain in place, or be expanded.
The last cereal-specific scenario examined using the CGE model for Ethiopia was that of maize exports. As there are virtually no cereal exports from Ethiopia, the scenario that was used in the model was necessarily quite simple, involving simply the removal of 300,000 and 600,000 mt of maize from the supply for the country. The results obtained were not unexpected, with higher maize prices and sharp reductions in maize consumption affecting the poor more than the nonpoor, while maize producers realize welfare benefits. However, these are not the only economic effects that maize exports will produce. The foreign exchange the exports earn may provide important macro-economic buttressing for Ethiopia to the extent that these wider benefits are judged to outweigh the adverse effects of the maize exports on the consumption of certain household groups. The analysis here was not extended sufficiently to provide evidence to guide such considerations.
In summary, the cereal subsector of Ethiopia's agricultural economy offers considerable scope for contributing to the economic transformation of the country. The Teff, Wheat, and Maize Initiatives of ATA are an appropriate approach to realizing some of the potential the sector has to contribute to such a transformation. Current cereal productivity levels in Ethiopia are below potential-the average wheat yields of 1,840 kg/ha are only 57.9 percent of average wheat yields (3,175 kg/ha) in the United States for 2013, while the average maize yield of 2,540 kg/ha is only 25.5 percent of average maize yields (9,970 kg/ha) of US farmers (United States Department of Agriculture 2014). While this comparison is not wholly fair, it does demonstrate that the agronomic productivity potential of these two cereals is far from realized in Ethiopia. While judging its on-farm potential is more difficult, likely a similar story applies to teff. Ethiopian farmers can become much more productive, benefiting their own households and the country as a whole.
However, policymakers should be sensitive to the possibility that there might be alternative public investments, whether in the agricultural sector or in other sectors, that would provide similar levels of economic growth, poverty reduction, and increased household consumption more efficiently at less cost. The analyses here provide no insights into this possibility.
Keeping this caveat in mind, nonetheless it would appear that increasing public investments to improve productivity levels and increase overall production of cereals has considerable potential for bringing about strong economic growth in the country, particularly in the agricultural sector and across the rural economy. While the results here do not provide any evidence of structural transformation of the economy with the level of production increases modeled here, it should be expected that as the agricultural sector grows through increased productivity, increasingly positive spillovers into the other sectors of the economy and strengthened linkages between those sectors and the agricultural sector will be observed. As such, as Ethiopia seeks continued strong economic growth and broad poverty reduction, continued investment in raising production of cereals should be one of the principal strategies it uses to attain these objectives.
